In Japan, a rapid pace of aging coupled with the lower birth rates causes the decrease of the population especially in rural area, which leads to the problems with the delivery of healthcare services. We investigated the relationship between the geographical accessibility (time and distance) and the utilization rate of outpatient services in the elderly by major disease groups in Tokushima prefecture, Japan. Distances and driving times to the nearest facilities from residential sites in major disease categories were measured by using geographic information system. Utilization data was obtained from the claim data. In diseases of the musculoskeletal system and connective tissue (M00-M99), diseases of the digestive system (K00-K93), endocrine, nutritional and metabolic diseases (E00-E90), diseases of the eye and adnexa (H00-H59) and diseases of the respiratory system (J00-J99), there were moderate negative correlations (around -0.4 to -0.6) both in distance and time. Distance and time to the nearest facilities were important factors for the utilization of outpatient services of major disease categories in Japanese elderly. Comprehensive approach which include socioeconomic factors is needed to mitigate access problems in aging Japanese society.
INTRODUCTION
Aging is an issue that all developed countries are facing. In Japan, a rapid pace of aging coupled with the lower birth rates causes the decrease of the population especially in rural area, which leads to the problems with the delivery of social services [1] [2] [3] . Healthcare is one of the important social services which influence on the well-being of the people. In Japan universal access is guaranteed to all residents, so anyone can take healthcare services with no significant financial or geographical problems [4] . However, in rural areas the elderly may experience the difficulties in seeking healthcare services because the facilities are scarcer than in urban areas. Moving long distance to the medical facilities may lead to an inability to receive necessary treatments at right time and worsen the illnesses.
Several studies on geographic accessibility in health care have been published. Most of them investigated the accessibility of specific services, such as vaccination, pediatric care and emergency care [5] [6] [7] [8] [9] [10] [11] , or some of them showed the effect on health outcome [12] [13] [14] [15] , however, disease-wide accessibility of the elderly in primary care setting was not well-investigated. To evaluate the healthcare accessibility of the elderly as a public health issue, appropriate area setting such as prefecture and considering major diseases which are popular among the elderly are required.
In this study we investigated the relationship between the geographical accessibility (time and distance) and the utilization rate of outpatient services in the elderly by major disease groups in Tokushima prefecture, Japan. We used publicly opened data from several government organizations. Geographical accessibility and healthcare utilization were estimated by using geographical information system and claim data of health insurance respectively. Relationships between them were analyzed by measuring coefficients of correlation.
METHODS

Study Area
Tokushima prefecture is located on Shikoku Island in the southwestern part of Japan. Three fourth of the land is covered by mountains and the other is narrow plain and coast areas. Its population was 810 thousand in 2005 and the population density was 195 per square kilometer. 24.4% of the population (197 thousand) was the aged 65 or more. The prefecture consisted of 50 municipalities in 2005. Most of them are located in mountainous area and have the issues of aging and a population decline. Tokushima prefecture was considered one of the typical local areas of Japan (Figure 1 ).
Data Source
In this study we defined the elderly as aged 65 years or more. We obtained 2005 population data of Tokushima prefecture in 500 m 2 block level from the 2005 Population Census of Japan, reported by the Statistical Survey Department, Statistics Bureau, Japanese Ministry of Internal Affairs and Communications [16] . A list of clinics and hospitals which included address and specialties were publicly released by Tokushima prefectural government [17] . As for utilization of medical facilities, we employed the statistics of Tokushima National Health Insurance 2003 and 2004 [18, 19] , which included the aggregated data on age, sex and disease (major category of ICD10) specific utilization of outpatient services in 
Measuring Geographic Access
Distances and driving times via normal roads between residential sites and medical facilities were measured by using geographic information system. As for residential sites we assumed all residents within 500 m 2 block located at the center of the block. As for medical facilities the locations of the facilities were geocoded by using the CSV Address Matching Service supplied by the Center for Spatial Information Science at the University of Tokyo [21] . In October 2006, there were 3394 blocks and 831 medical facilities (in specialties there were 654 Internal Medicine, 202 Orthopedic Surgery, 80 Ophthalmology and 62 Psychiatry access points because several facilities had more than 2 specialties) in Tokushima Prefecture (Figure 2) .
To estimate travel distance and time, we constructed digital transportation network by using digital data of road and average travel speed at the time of rush hours [22] . We specified the nearest points on the road network from center of block and the location of medical facilities; then measured the shortest routes between two points. We employed the distance and time to the nearest facility as variables of geographic accessibility. To estimate the average distance and travel time in each municipality, block level data were aggregated weighted by the population of block.
Estimating the Utilization in the Elderly
Data on utilization of medical facilities was provided as total sum of the days of visit in May. To estimate the age, sex, and disease specific utilization rate of outpatient services in each municipality, we employed the following equation.
Utilization rate of outpatient services per 1000 Population = Total sum of the days of visit/(Number of insured × 20 days) × 1000, where 20 days means the working days of May in Japan. Table 1 showed the utilization rate of outpatient services in major disease groups. Because 7 disease group, diseases of the circulatory system (I00-I99), diseases of the musculoskeletal system and connective tissue (M00-M99), diseases of the digestive system (K00-K93), endocrine, nutritional and metabolic diseases (E00-E90), diseases of the eye and adnexa (H00-H59), diseases of the respiratory system (J00-J99) and mental and behavioral disorders (F00-F99), contributed more than 80% of total utilization, we analyzed the accessibility of these 7 disease categories. 
Analysis on the Relationship between Geographic Access and Utilization
To investigate the relationship between geographical access and utilization, specialty of medical facilities and disease groups should be matched. According to the patient survey [23] , 73.4% of the patients with circulatory system diseases (I00-I99) visited the internal medicine, 66.0% of Diseases of the musculoskeletal system and connective tissue (M00-M99) visited the orthopedic surgery, 64.4% of Diseases of the digestive system (K00-K93) visited the internal medicine, 78.7% of the patients with endocrine, nutritional and metabolic diseases (E00-E90) visited the internal medicine, 98.2% of patients with eye and adnexa diseases (H00-H59) visited ophthalmology, 55.3% of the patients with Diseases of the respiratory system (J00-J99) visited internal medicine, and 67.3% of the patients with mental and behavioral disorders (F00-F99) visited the psychiatry. Therefore, we analyzed the relationship between geographical access of 4 medical specialties and utilization of 7 diseases.
In statistical analyses, coefficients of correlation were measured as the indicators of relationship and p value under 0.05 was considered statistically significant. We used ArcGIS9.2 Network Analyst [24] for measuring geographic access and the JMP8 [25] for statistical analysis. All data used in this study was publicly opened.
RESULTS
Geographic accessibilities were summarized in Table  2 . Among four specialties, the average distance and time to the nearest medical facilities were shortest in internal medicine, 2.7 km and 7.9 minutes, and the longest in psychiatry, 9.9 km and 20.8 minutes respectively. The distributions of variables were skewed to the right in both distance and time (Figures 3 and 4) . Table 3 showed the population covered within the Relationship between geographic access and utilization of 50 municipalities was summarized in Table 4 . In five disease groups, diseases of the musculoskeletal system and connective tissue (M00-M99), diseases of the digestive system (K00-K93), endocrine, nutritional and metabolic diseases(E00-E90), diseases of the eye and adnexa (H00-H59) and diseases of the respiratory system (J00-J99), there were moderate negative correlations (between -0.4 to -0.6) both in distance and time. In circulatory system diseases (I00-I99), there were weak negative correlation (-0.267 -0.205) but was not statistically significant. In mental and behavioral disorders (F00-F99), relationship was not detected.
DISCUSSION
The objective of this study was to understand the relationship between the geographical accessibility and the disease-wide utilization of outpatient services in Japanese elderly. We identified the moderate negative correlation between geographic accessibility and the utilization of outpatient services in five disease groups, which contributed more than half of the total visits of the elderly. Several authors reported the relationship between the geographical accessibility and service utilization in primary care settings. Nteta, et al. reported that the persons who lived within 5 km from community health centers were accessible and satisfied with the primary healthcare services provided [6] . Nemet, et al. investigated the relationship between distance and the utilization of health care by a group of elderly residents in rural Vermont, and reported the increased distance from provider does reduce utilization [8] . They partially supported our findings, however, our study suggested disease-wide approaches were required to mitigate the access problems of the elderly who lived in rural areas.
In mental and behavioral disorders, there was no statistically significant relation. Zulian, et al. reported the distance decay effect existed in the utilization of community-based mental health services [26] . On the other hand, Endo et al. reported there were some patient-perceived barriers to the utilization of mental healthcare services in Japanese lung cancer patients [27] , and Jitsunari, et al. reported patients tended to avoid referring to mental health facilities near to the residential sites at the district level [28] . Socio-cultural factors such as relation with neighbors and/or colleagues at the worksites rather than geographic accessibility might affect the utilization of mental health services in Japanese elderly.
The other factors such as health status, car ownership and income, are well-known as the factors which affect healthcare utilization [29, 30] . Table 5 showed the relationship between utilization and some socio-economic factors. Even the aggregated data of municipalities, annual income and pavement rate showed the positive effects on the utilizations. Single rate and employment rate of 65 or more showed the negative effect on several disease groups. These suggest the comprehensive approaches including socio-economic factors are important and further studies are needed to mitigate the access problems of the elderly who lived in rural areas.
Japan is facing the unprecedented speed of aging and the decrease of population in modern human history [31] . To secure the accessibility of healthcare services, comprehensive approach which includes the allocation of medical facilities, training of general physician and relocation of residential sites should be considered. Because most of the East Asian countries and territories, China, Rep. Korea, Taiwan and Hong Kong, will experience the same phenomenon with Japan in next 20 years [32] , policies Japan chooses might be a good lesson learned in this region. In this study we chose Tokushima prefecture as a study area which was facing the Pacific Ocean, the origin of the Nankai-Tonankai earthquakes. Historically big tsunamis hit the coastline of Tokushima prefecture several times and caused the catastrophic damage like the Great East Japan Earthquake occurred on March 11, 2011. The allocation of medical facilities is important to mitigate the burden of coming aged society, but moreover the location of residence or town itself should be a critical issue of the coast area against tsunami disasters.
There are several limitations in this study. First, because of data limitation we employed ecological study design, which makes it difficult to discuss more precisely. Second, the several factors, such as quality of care provided, severity of disease, amenity of facilities and waiting time at the facilities were not considered. Third, socio-economic factors which might affect the behaviors of utilization were not considered well. Fourth, we did not evaluate the outcome of the patients.
We demonstrated the relationship between geographic accessibility and the utilization of healthcare facilities of the elderly in Tokushima prefecture, Japan. We concluded that distance and time to the nearest facilities were important factors for the utilization of outpatient services of major disease categories in Japanese elderly. Comprehensive approach which include socio-economic factor is needed to mitigate access problems in aging Japanese society.
